to obtain M , variants from various strains is not yet controled. There are large differences about the easiness to find out M colonies among strains, although it seems that almost all strains of the species. given above are competent for forming them after different periods of incubation in broth. There are a few strains which form M colonies somewhat regularly under certain conditions and one of them, E. coli "C14", has been used extensively in present studies.
M colonies are, formed only on nutrient agar containing lactose (e.g. Endo), raffinose or galactose respectively. They form only normal smooth colonies on nutrient agar with or without other carbohydrates. Appearance of M colonies is, therefore, specifically controled by influence of galactose molecule since both lactose and raffinose are polysaccharides containing galactose. Mechanisms of this influ ence of galactose will be clarified more in detail later in this paper
As already noticed, M variants are derived from many species of enteric bacteria regardless of their ability to ferment lactose. In the case of non-lactose fermenters, T cells are still unable to ferment lactose. Pure clones of M variants can be main tained successively on nutrient agar without galactose (or lactose, raffinose) and no co-existence of T cells must be checked in subcultures on galactose nutrient agar.
T clones, on the other hand, will be obtained by picking up a daughter colony and spreading it on galactose nutrient agar on which an isolated smooth colony can be fished as a pure clone which never forms M colonies on the same medium. As far as the colonial appearance is concerned, T cells look just like the wild strain show ing the smooth, convex colony without daughter cells on agar with or without galactose during a long incubation (Fig. 1 ). No M cells are found from the culture on solid media even after a prolonged storage. There is only one case of isolating M cells from the human material. Ando(67 isolated M colonies from the culture of urine of a chronic pyelitis patient on Endo agar which showed every characteristic of mutabile type (Murase) varia tion. This seems to suggest that this variation can occur in vivo as well as in vitro though no accumulating proof is available ever since.
A number of investigations concerning the origin of M cells, or effects of en vironment on their development, including attempts to stimulate the mutation rate from the wild to M cells, if this variation is accepted as being controled genetically, are being conducted.
INFLUENCE OF GALACTOSE ON GROWTH OF M AND T CELLS
It was once emphasized that. M or T cells changed pH of the medium to an acid range,after approximately 10 hours and then turned it to a neutral or slightly alkaline range after 24 hours, when inoculated in galactose peptone water. This phenomenon, being called "turn over" to alkaline reaction in galactose media, was considered one of typical characteristics of M and T cells. It has recently been clarified that the commercial galactose hitherto . used was contaminated with a small amount of fermentable sugar, probably glucose, which had caused the acid schift of media mentioned above. Thus, the commercial galactose was purified three times by re-crystallization with alcohol and used in the experiment. The results were shown in Fig. 3 .
It is now apparent that no acid shift, consequently no "turn over to alkaline reaction, occurs with the purified galactose. Furthermore, it was possible to repro- The cells grown on nutrient agar for 18hours at 37 C were suspended in saline and washed three times by centrifugations. They were finally suspended in M/15 phosphate buffer (pH 7.0), and the concentration was adjusted turbidimetrically to a standard suspension of approximately 1.3 mg per ml. 1.5 ml portions of the cell suspensions were , placed in the main compartment of the Warburg vessels 'and 1.0% of casamino acids (Difco) with or without M/40 of galactose in 0.5 ml of water in the side arm. The center well contained 0. The results are illustrated in Fig. 4 and Table 1 . Curves in Fig. 4 show that the degradation of casamino acids of M cells is clearly inhibited in the presence of galactose, whereas galactose has only a weak effect on T cells. Data in Table 1 show that, even though the density of the wild and T cells increases and that of M cells decreases in the presence of galactose during the shaking, the oxygen uptake per hour per cell unit (R/D-Ro; also see white blocks in Fig. 4 lower than that of other cells in the presence of galactose. This relationship can be judged most distinctly by the expression, GC/C in Table 1 . As shown in the legend, this ratio is inversely proportionated to the inhibitory effect of galactose on casamino acids degradation. Thus, a relatively strong effect of galactose on M cells is noticed at 60 minutes and a remarkable one at 90 minutes. On the con trary, only weak effect of galactose is noticed on T cells even after 90 minutes and no effect at all on the wild cells. It was then tested which amino acid in the casamino acid is inhibited in its degradation by galactose. As a result, each one of proline, arginine, glutamic acid, aspartic acid, alanine, and tyrosine was inhibited, although with a lower degree than the casamino acids. By a further experiment, however, an almost same degree of the inhibition was noticed when a mixture of all amino acids given above was used as the substrate. No inhibition was noticed at all with a mixture of other amino acids (leucine, tryptophane, valine, cystine, methionine, histidine, lysine, ,phenylalanine, and norleucine).
Next experiment was conducted to see what kind of amino acids could be utilized as the sole source of carbon and nitrogen by the wild and variant cells, and the influence of galactose on this utilization for the growth was examined.
As shown in Table 2 , whereas all cells utilize several amino acids as the source of Carbon and nitrogen, the addition of galactose gives a remarkable inhibition on the in the degree of turbidity after 24 hour culture at 37 C . I noculum : One loopful of 0.1 mg per ml suspension of each strain grown on the nutrient agar for 18 hours. The base of medium : Na2HPO412 H2O 0.25%, KH2PO4 0 .035%, NaCI 0.5%,M gSO47H2O 0.01%, Each amino acid in 0.5% water solution was added in the equal volume to the base (saturated solution was used in cystine and tyrosine).
amino acids utilization of M cells. With T cells, however, the inhibition of galac tose disappeared to a certain degree . It is natural that, by addition of galactose to the wild cells, the growth has been accelerated or made possible on amino acids which could not be utilized originally. Table   3 was prepared for the experiment, Table  3 The medium used in the study of M•¨T variation
ORIGIN OF T CELLS
When serially diluted M cells grown on the nutrient agar without galactose were spreaded on this medium, T cells could be found only in larger inocula. And, M : T ratio existing in the inoculum is calculated by counting the number of M cells on nutrient agar without galactose at the same time (Table 4 ). The prin Colonial appearance and morphological changes of the mutabile (M) and the daughter (T) variants in the presence of galactose can be well understood from the viewpoint of this galactose effect. Thus, M cells are not only inhibited in their growth by galactose but also given some degenerative effect from it. T cells, on the other hand, are considered as a variant resistant to this galactose effect, show ing almost normal colonies and morphology. However, they are distinctly differen tiated from the wild strain in the inability of galactose utilization. Difference of the nature between this variation and B. coli mutabile of Massini is quite apparent from descriptions given above. As far as the formation of so called daughter colonies (papillae) on sugar media is concerned, however, there are many reports or observations with varied species of bacteria. It is tempting to assume whether those phenomena should be classified into either Massini type or Murase type variation if they are studied in their relationships with the sugar to be concerned. For example, a strain of S. typhi which shows numerous daughter colonies on rhamnose agar,was recently tested and an inhibitory action of the sugar on amino acids oxidation of the wild cells was noted. However, daughter cells, which were isolated from a papilla and which were still no-fermenter of rhamnose, have shown a resistance to this sugar effect. This result may indicate that the daughter colony variation of S. typhi on rhamnose media should be classified into a same category with Murase type, although further investigations are required.
SUMMARY
The mutabile type variation (Murase) described here represents a particular phenomenon which is observed in many strains of E. coli, Salmonellae, and Shigellae.
Typical Other phenomena of daughter cell formations including B. coli mutabile of Massini, which was definitely distinguished from the variation mentioned here, have been discussed in relation with the sugar used in the medium.
